Fouling Resistance
•DARPA "Challenge" Solution: seawater mix contained inorganic salts, algae, humic acid, and arizona fine dust.
•More than 5x lower fouling rate than UF. FO-RO does not increase energy consumption significantly if the desalination system is designed for energy efficiency! Tertiary Amine Switchable Polarity Solvents
• High concentration in polar form.
• Can be mechanically separated once switched to non-polar form.
1-cyclohexylpiperidine
• 2 nd Generation SPS Draw Solute.
• Identified with Quantitative Structural Activity Relationship (QSAR) model.
• Material balances non-orthogonal (interdependent) draw solute properties.
1-cyclohexylpiperidenium bicarbonate
• Maximum concentrations over 70 wt%.
• Has an osmotic pressure over 500 atm which should extract water from a fully saturated brine solution (6.14 mol/Kg ~370 atm), precipitating NaCl solid. • High concentration in polar form.
• Can be mechanically separated once switched to non-polar form. High Salinity, High Fouling, High Recovery
• Pre-treatment can be the bulk of the water treatment cost.
• Disposal of the waste brine can be the bulk of the water treatment cost.
• State of the art methods are reaching thermodynamic limits but the cost is still too high.
• FO requires little to no pre-treatment.
• High recovery even from high salinity feeds.
• Thermally driven processes uses lower cost energy than electrically driven processes.
Proposed COHO System The draw solution purifies wastewater (1) using osmotic potential to drive water across a selective membrane. (2) The draw solution is generated using carbon dioxide from flue gas to switch the draw solute to the miscible aqueous phase. Carbon dioxide (3) is released and clean water is produced (4) by using low-grade heat, switching the draw solute (5) back to its original immiscible phase for mechanical separation.
CO 2 Capture form simulated flue gas
• CO 2 capture from a simulant flue gas (10% CO 2 90% N 2 ).
• Need to capture 75% of the CO 2 feed the solution while generating a 60 wt% solution (osmotic pressure ~325 atm).
• Simplest system possible; gas bubbled through a stirred solution. • Multiple forms of mass transfer.
-Gas pressure and flow rate appear to play limited roles.
-Surface area/module design influences reaction rate. 
CHP flux over a range of concentration feeds
• FO flux tests against DI water can have limited implications on FO performance against a feed with real world osmotic pressures. Thus tests against 0.5 and 1.0 mol/Kg NaCl feed solutions.
• There is a modest flux attenuation for CHP vs DMCHA attributed to a shift is rheological properties associated with moving from a 8 to an 11 carbon amine. 
Degassing Experiments
• N,N-Dimethylcyclohexylamines (DMCA) requires 95 °C to achieve a good degassing and phase separation at ambient atmospheric pressures.
• Gen 2 can be degassed at 70 °C under ambient atmospheric pressures or less with limited amount of vacuum.
• Gen 2 CHP draw solution to <2wt% with 80 °C and <2 psi vacuum. 
Low pressure osmotic filtration
• This is required to remove and recycle trace bicarbonates from degassed SPS solution.
• Tested commercially available NF/RO membranes for chemical compatibility and selectivity 
2) Forward Osmosis Membrane and
Module Selection • Porifera modules are compatible.
• Long term studies underway.
3) Degasser Optimization
• Functional for the reduction of CHP draw solution to <2wt% with 80 °C and <2 psi vacuum.
4) Mechanical Liquid Separator
• Model decanter to be tested with CHP solutions.
5) Low Pressure Filtration Cell
• NF90 and TW30 appear to be optimal membranes for CHP draw solution <3wt%. At module scale <100 psi is expected to be required for >5 nines removal of CHP draw.
(5) (6)
6) Polishing Column Material Selection and Design • Useful activated carbons identified.
7) Gas Contactor
• Requires <15 psi for very rapid industrial relevant gas contactor.
8) System Design and Testing
• Purchased FO/RO system.
• Testing with industrial water.
9) Process monitoring methodology
• Not ideal but between osmometry, conductivity, gas chromatography, and FTIR the effort is workable. 
ASPEN Evidence for SPS FO cost competitiveness

